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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
forming a silicon oxide film, a silicon nitride film, a silicon 
oxynitriding film and a high dielectric constant oxide film, 
which do not depend on a silicon plane direction, are 
uniform and high quality, and are excellent in electrical 
properties, on a silicon surface at about 500° or lower. 
SOLUTION: In a film formation method of a 
semiconductor device including a plurality of silicon- 
based transistors or capacitors, hydrogen exists in at 
least a part of the silicon surface previously. After the 
hydrogen is removed by exposing the silicon surface to 
plasma by a first inert gas, plasma by a second inert gas 
and a mixture gas of one or a plurality of kinds of 
gaseous molecules is produced. As a result, a silicon 
compound layer containing at least a part of elements 
constituting the gaseous molecules is formed in a 
surface of the silicon base. 
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*3t£**A<BSffiSa*Ti 1 o11/cm2jaT 

r ft a c £ * **a t * h #»*»a . 

[»3fc«2] ->'Ja>aB5-ti=SM0>->'ja>te£8a 
vX*£. =i>gffi±(c^**tfcm2©i/ 

^yjsa-e&o-c. 

ffJIBSB 1 fcJ:l/&2<7>vg a Mb£&Ji0>«-* 
<k4,r?r£a>*;Stt#x£S<rK **S*r«*<Siffi£»* 
T? 1 0 1 1/ c m2iUT-e&£ -t^fflit -S^aittSS 
S. 

ffltBvy a^BcDSaui*. 'J>fc< ttrW^OT^jStt** 
T© -> 'J a > <b£«!lli;!><ffiMS * *U 

ffiis-r^ eh ^a.b-r ^a»*siiE. 

[»^«4] ffI8E^jStt*"xii. 7-;U3> (Ar) . 
■^'J^K> (Kr) . (Xe) a>?^<7>4>&< 

<kt lffT?fc*c*£tta£*-&IS*S 1 ~3<7HvT*t 
* N 1 Slc8B«a>#«tt:«a« 

5£T?feoT» 

ffJfB->y a>g®£35 1 OTJitt^xir 1 <D^5 
X^lcBLT. BiFfBv'y a>SSS±0>'>fc< fct-SPC: 
ft * A> C tf>#fc L T I* £ 7K^ £R*£ f •£ Xg * . 
* 2 05*314 #x <b -aattL* UiltaHtjgcDSM***;?- 
0>;l#;tfX|c t fc&3g2a>? i 7Xx'£flSjSl,, «JfBlg2 05 
^•^XvroT^SfrfiBvU a >S®K8il8Bat*tf-T£fltfi£ 
"f £5S3l<D'>fc < t 'J a :Hb£»JS£fl2 

[IS*Jg6] SfFfB;Kmf»*xSl-5fejl:or. lifffB->'J 

$t#air-r*is*a 5 tB«<75*3j<*sa«)Sit^o 
a t -r *iS3j?ii e fBt£<o^(*^B<osaii^5i „ 
<t -r &m*m e fsa©#£{*j&ao>sig7j&. 

[18*319] HiJfiBv'JavSBSfi. m*Sg.->y a>S 

®-rfe*ci:^a<t-ri)ig^ii5~8(Da*>. ^-r*t 

A^-«tBe<0^»:gaa)SSjt** o 
[18*1110] S]fB->'J a^gfflli. (100) S* 



[IS*Jai1] *)tB->'j3>Sffi(*> (111) OBJ: 
iJW^iSWiit •SI8*iS9lB«0)¥S*t*gaa>Si 

it*;*- 

iw^* 1 2 j DiitB'>y 3 >«qbi±. aa<oa<f o r= 
isaos £*rr * c t * f$a t -r -5K 9 ib«©*sh* 
»awjaig^;£ 0 

[B*«13] miBaaosfe^fciesBBii. 
«3t*iiija-rs c t ztumt-t -sts** 1 2tB«<»i<i# 
<*sarosii^;So 

CIS** 1 4 ] tfltBvU a >«0Slt. **SS->'J a V 

^-«tsa«)^3|«:«a(DSljS^;*. 
[IS*«15] *IIB->'J=i>aflSI*, 7^7rXv 

y a >sit c t £t$at -r .sis*js 5 ~ 8 <r> 5 

[»*« 1 6 ] «jfB3S 1 ©^iSlta'x&tffflfBSS 2 05 

^jftttfXIi. L>-r*ttT^U3"> (Ar) *'X. ^'J^ 
(Kr) ^Xfeit/^-tr/ > (Xe) **X«fey){f* 
8«fcya«**t*'><£< tt1 iB<O^X-Cfc*ci:*^ 
at^--5SS*xg5~ 1 50>5*>. L^•rt^.*^-«tBK©# 
9»Sa(Ofiig^£o 

[tB*« 1 7 1 8JI8BSB 1 <n^vk\±iS X i: «frtB« 2 05^ 
SStt#X£l4H-- C?fc^Ci:*#a«t^-4IS«ai 6IB 

Ka)i#asi*sacDKit7j;i„ 

[»3jt«18l «IfBIS2<0^;-Stt^X(±^'J^r-> 

(Kr) ^x«fcy<fy. «rtBft<*«-^i*stife (02) ft 
J; y <f y . «rtB-> 'J a Vib^^H i l r -> >; a >mb 

KA<^fiE**i*Ci:^!|ta«b-r-SIS*«5~ 1 7(05 

i^-r+i^-iiiBKco^3l*«aa)Kit*;i 0 

[IS*«19] MfBS2<0^j5it**xlt7'yUa"> (A 
r) #X. Xli^'J^hV (Kr) *'X. XI*T;Ua*> 
t^g^r->«);I^^XTiS.y. l5fBSi*^l±T 
-T (NH3) Stzltmm (N2) »^t?K* (H 

2) »*tJ:yay. BiliBv'JaXb^itelJiirLTv'J 
a >M<bK*<)KJ«*H^ c t S#afr-5IS*« 5 ~ 1 

7 055*.. L^■r4^/)^-«f^a<D^^*»a(7)fiii*;io 

[IB^2 0] SfIfBm2<0^;-St±**XI*7;Ua*> (A 

r) 2fx. Xli^y^hv (Kr) *fx, Xliryua"!/ 
i:-?'J^h><DjI^^XT?ifeiJ. 1913^*^1*04^ 

(0 2 ) ^i:T>*-T (NH3) 

(02) 5J-*ta* (N2) (H2) »^i:J: 

y U y , 1MB -> 'J a Xb^^lS <t L T -> >J a >04§^bK 
A<Jfcm£4xac,t$!fta£-f •&»*>S5~ 1 7CD5*,. 
l^ftiA* 1 «IC|Bea>*gtt:Sa(DSjg*;4o 

[JS*«2 1 ] KFfBIS 1 (DZf=7Xv}S&lfmi&2<n 

■TSiS^a5~2 0(D5*., lvf;h.*N-JSfBK0>#£(* 
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t. *eS->'J3>SB±|cjf?/a$*ifc«2<D|fe|»H$ 

s tr* + / < -> * £ £ * jas«±i=« x fc^api* > * 'j s 

ff!IB->U =i >8ffi£S? 1 <0^jS14*"XI= .tags 1 

£»s-t*xfi,»:. 

35 2 orStttf* t -«Sft n LI*«««g(OSU*tt^ 
0>;ia#XI=«fc*Sl2a>:/?X-7£»fi&U *IKS52<0 

fiK-r^TcScO'Xf < i: 3 Mb£B)» 

[IS#«23] HMB£*£S->y 3>£ffi£S5 

3 ro^jS1±**^lc«J:*gi 3 (O^X^irfll LTffltfi'> 'J 

*3t3f§a>'> ft < t *-ws*t?*>y =1 ><b^ 

»S*«2 4] BIJIEffn fc^t/SS3<D^iStt*-XI*. 
A r. Krfc«£l/Xeckyft*Sf<fcy&lf;h.*'>ft<i: 

1 1 mc) a'x <>: y ^ i 1 4»*a 2 3 rets 

[|&#«2 5] ffHBS5 2fcJ;U:S5 4(7)^jStt^liK 
r * y ft y . flMBft 1 fc<fc t/SS 2 a>*6*§K(;t -> >J 3 >S$ 
<bll<fc y ft * C i £^18 <t 1" 2 3 £ *; li 2 4 tB 

[IS*«2 6] fl?tBm2 33j:l/m4aj^j5t±*-XliA 
r*fcliKr<t: y y . ffJfBSS 1 <fctf?B 2<7)*fe»Rli£ 

<k8g£fci*ia^tigj: y ft* c t zftrnt-tzimm 2 

3 2 4lB«(7Ji|iStt:gS(DSailt^i. 

ds*«2 7] ureas 1 fc^t/s^co^XTi*. v 

-f y®lfi$n-5ci:^^ffl<fr-5IS*«2 2 

~ 2 6 © 5 *> . L>-r*tAN-«fB«t<D*«tt:8afl>Sjfi* 

r * -> «J 3 >H £;SttJf t -T -5 #*(*»ac?>Sjt^ 
UIBS«±I-, £S3S->y 3>jl$f = li7'^.>u:7 7'X-> 

y 3 y ft* ->y 3 >m£tef£?&i.mt. 

flttBv "J 3 >H£S£ SfS 1 ©^JSte * ^7X7 

(cB§l,T. iWffivy 3>Jg£ffi<7>'>ft< i:=t-SPI=#tt 

-f *7Ksst$f&£-f *xn,k. 



«aS(=lWIB*tt:»^*fl|fiR-r*5c*©'>ft < t t-B 
3 ><b£1&«£ffi*fi&-f *x«* Z&ttz t £ 

[»#« 2 9 1 fJfBSB 1 <0^5i14*'xii. A r , K r 
fc<fctfX e J: y ft*««fc y iSl**t*'>ft < 1 1 1 

x«fcyft*ct*»»,fr*is*«i2 ateno>*m#& 
a©«J6*ai. 

[R*S3 0] »IfB95 2<D^, : Stt?j*XI*K r J:yft 

y . mffiaiv/ y 3 >ib^«j»i* y 3 vsHbR* y ft* 

ZL t £&mt "T *!»#£ 2 a 2 9 tBK«)#3|«:& 
aa>Sifi^;jio 
[K3RJJS3 1 ] *JIB?B2©^at4**XliA r SfcliK 

r <fc y ft y . H9IB v 'J 3 Mb^ifcJIIigfclg^fcliitg 
<bK<feyft*ct$*#»t-r*«B*«2 8*fcl*2 9 IB 
«a>¥3H*8a«>SiI:*n*. 

[tS*#32] WIfB* 1 fcJ:i;3l2(D^7Xvlt, -7 

-r * p sfcicfc y Ebjs * *t * c t £ts» 1 1 *»*# 2 s 
~3i<o-5*., ii?4\fr-mziSi<D*mi*mfco>®-&?5 

[JMJJOBMftfSlW] 

[000 1] 

l=»<bH. ^<bK, tta^bB9«<»fie$4i^¥«tt:SIB 
2.V*0>Mf$.-%;iilzM?&. 
[0 0 0 2] 

[«t*(Dft(S]MlS y a » h5 

L#t^aQE^14fti:\ «>7ftBittfiiaft^14fcJ;l/S 

[0 0 0 3] -*T.f><0S^$;Hfc-ry-h*6jtlSfK)«tt 
ffitLT. ffi*»^*^$filfflLf:iK)8 0 

0° C8SJU-h<0Sft^bttfl5*<fflLNf,*fC#fc. 

[0 0 0 4] Ift^bxgli, *<7>ffjxfli: Ltt 

XS(=<fcoTf*££teLT^b*T;b>:h.-i>. CUfclt* 

ztrnt: ffiv v y 3 >s®<7> v y 3 

7K^-e**SSUT, v'J 3>Sffi-.<D^«^bKJK)S*P 
ML, ->y 3>S«$, ^(c^<gft 

Kibxg'vt^ALT^*. iKfblSTIi. C<7)5B 
*!4JB*mi±7';u3-> (Ar) ftfro^jfttTj-^^fflai? 
vy3>s«:$gsLrL^<^as•^?iKl6oo• cssti 
±<*>saT?ii*srt*o ->y 3>a@o^bii. ^<o^ 

8 0 0* CKl±T?Km^ftL\U(i*»^*3JAUfcg 
[00 0 5] tt*, c©«fc5ftS»^<bttffi$fl6fflLT-> 

y 3 ->y 3>s^bE*iK)a Lfcia^, a»ftis 
<bK/->y 3>#®^t4. K<bKoa»E^i±. y— J7« 

j3ftW!4ft<tfA<^f,4x*0)li, a®A< (100) 
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[0006] (ioo) ®mna)<fea>ffi^rfi(r:E 

(S]L*:eSv'Jzi>«\ ttgKlCfcLNTiiLt (1 
1 1) ®lcK[a]T&£*6Svga>*-ei*. SfciSfbftffi 
*«fflLTv/'J=i>^bK*fl$*LTt. (100) ® 
^aicEfS] Lfc *>«J a >0> v 'J a rxKfbRlCJi-CTSUb 

rtKIl*<*l>v<J =3 >tHbR-Cf*i*iE#te. 'J— >>«ai 

[0 0 0 7] ifi^K^T(i¥*ttg{l(D£fej£tt 
* £ rS] J: * 1* 6 tf> ( c ;* □ H CD v ' J =i > ^ x - / \ £ 

<D£jB£<bfi(7V>fcLM££-e0X L^tiSJ£tttff14a>'> 

[0 0 0 8] c5Lfc, ft3fe(D&I*<bx*§fc;fcl-r£Rffl 
f>*LTl** P ft^-Ct. ttMWl 1 -2 7 9 7 7 34>« 

1 999 (Technical Digest of International 
Electron Devices Meeting 1999) % pp. 2 4 9 — 2 
5 2fE«0)fttfL fc4lM*2 0 0 O vl//KS/^A ■ > 

• irl-jiiV • -<-/\ 0 -X (2000 Symposium on VLSI T 
echnology Digest of Technical Papers) % pp. 7 6 
-1 7 7(cfE«(DttfflT?l*. ?7X7*i:WtttfXi 

[0 0O9] C4lb(7>ftWlCfcl>Tli. ^SStt*fX<D* 
'J?h> (Kr) <bii (0 2 ) a*#XlC7^«TDaft 

io*^Ii:4«Lt4 0 0 e cgg^SJS-ev'Ja 

fc. C(D»<bttWlCj:*tlf (10 0) ®l*W<Bffe(D®* 
[0 0 10] 



fctt*0>^ -f ^ p Sfcag;?^ Xvic £ -5 v >J =a >&<bK 
JMHSMB-CI** ■?40l*0**«UflL*:Ift1b«ftoT 

ffifflLy=»»<bxs^i^gfss<7>««w#tt**-r-si> 

■ f=*5l*Ttt 2 n m«i*]aT<DI*<bH»**r *•> U a 

**\ y-h««Ha)d&««9uiib»« a r«xtttt 

icffiM-rifcofco 

[0 0 1 1] *fc, h^>^x*<DI$<bK^<D**;/ 
•vvzl^^ij*^ 5/U3>IHbB*Cc«^t h>*;u 
tta>W#M*ft:*<. ->y=i>IMblB««*a)l|xWc* 

[0012] tcr*«Mii, ia±a-<fc«H*«*L 

[0 0 13] *«ma>J:Uj|»a<)«:RH(L #3fe(7)3*8 

fcttiif(cf«t5««a^x-7^ba»B*a«-r*cfcic 

[0 0 14] *«WOTffe<75RSIi. &S;fcfta>-> 
[0 0 15] *fe*M|f*. A^*«gT?05B5flJH61t 

[0 0 16] 

v'J 3 :Hb*1Meftfc¥tttfcttlE-Cfco-C. BiTKvU 
7Km^SA<®SS*»T? 1 0l1/cm2iilT-Cfc^>C 

, j3>fc£«!llB£#t?*-*'/<->*i:£, «iiS«±l=flS 
**#*fi*<Sffiffi«J|-e 1 0lVcm2|UT 
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1 OlVcm2jilT©->«JaXb&«!l«*<^**t. tfj 
(Ar) . (Kr) . > (Xe) ©-5 

< 1 1 1 a-efci. c t £&mt+ -sis^us i ~ 
3<niw 1 «i=KKo*aii*«a(c«i; y . ^tztm 

»«S©*tt#^©Sa#Xl::***2<©^:X-7£» 

JEfttta^WjS-f ajcifc<©'>fc< ±rt,-tt££t;->y 
=i Xb^H*»fiE-r-6xei: £^t;c t 

/i«fc5l-. «JK**»*x8ir5tjlor. fJ8E*>y=i> 

at-r sis*js 5tE«©*3n*«a<osiS*5i(=«fc y . 

*/=(*IS^«7lctEt£Uf:<fe5(c, BiIfE!«i*l*, *3H;ls 

*o*-c ifcsci^at t amsfcis e 8E«©#g*f*£a 

8E«©¥3M*g8©Slii7*;£i=«j: y . *fciiii#iS9 ic 
tE«Lfc^5ic MtEvy 

«ffiT&£c,t£!ftSI<tt--5IS#JS5~8©?*,, ^-f 

*x*-«tE«<7>¥s?t*!£aa>siit:£&i=«fc y , *fci«s 

#JS1 0l=lE«Lfc«fc-5(^ fJfEv'J 3>S®I±. (1 

oo) ffij;y4-*^t*^a<tf ztm&9i&wio>*m 
t*$ia«)Sjt*a&izj;y. *f=i±is*3Si ii=iE«L.fc 

«fc3(=, ffJSEv'J =i>SEI*. (1 1 1) ffi*y&*c 

t znmk-t ztmm 9 tE«<7)^f*sa<DSit^i= 

*fcl*IS#II1 2lcfEtELfcJ:5(=> fifJIEi>'j3 

■r^iS*«9 8EKa>#^<*Sa<DS!it*:il=^y, £fc 
liIS*J®1 3l=fE«L/=«fc5(=. fJtE«f»©Sfcofci|3 

1 2IE«©¥$f*88©fiit;5&l=«fcy. *fcl±iS#li 
1 4(cfE«Ufc<fc5l=. fflSEvy 3>SEI±. 

*>. ^r=K*-;®fE*^¥Si*8a©s8&7j;£i::<*: y . 
Si#Jg5~8©3*>. u>r^-^8E«ro^#t*:sa<o 

Sii^jifelc.fey. *fcliiS*Jg 1 6l=SE«L/=«fc5lc, 

ffiiSEm i oi*f£&xxs.vmt&m 2 <D^3gtt*-xi*. i* 

-ftl$TJl>3^ (Ar) ?'j:?h> (Kr) HX 

fc,fctMM:/:/ (xe) ^ 1 ty<c«8 < tyaj?*n4 



'>fc < 1 1 1 -CftSC t 5 

-150)3%. t^r*t^-*8EK«>#i»«:»a©fiiS* 
ai=*y. *fcl*tt*JSl 7»=8BtELfc«fc5(=. SJIEI& 
1 ro^JStt^t»r8E»2<0^jSt4^xi:l±|^--cft.S 
Ct£ft«<i:-f &tS*JSl 6tE«<D¥3M*«a©fiit7y 
*l=*y. £f= 1*18*81 8l=8EltLfcJ;5(=. tfJIBSS 
2<»^att^li^y^r-> (Kr) #XJ:U<EV. SI 

RX.ttK+imm (02) »^*yj£fy. nfrtE->y=>> 
t-r •5is*85~ 1 7o>5*>. ^-r*i&-ianvi<T>*m 

#«a«>Kifi73;*l=<J:y. 1 9(c8EKLf= 

«fc5«~. ffl8B!B2<7)3F;-Stt^li7 , ;i'3*> (Ar) fi 

xii^y^hv (Kr) xiir/ua-><t? y 

^h>(Djg#*'X-Cfey. WSEft^^ltT^^E-T 
(NH 3 ) (N2) tt^*** (H2) 

ft-?££y&y. B58E->'j3>1b&«l»t LtvU3> 
^bK*<KfiR**i-Sci:$^ffli:-r-58S**5~ 1 7© 
5*., L^*i*N-«8E«a>#»«:Sac0«it*Ji(:J: 
U. *fcliIS**2 0l=8EKLfc<fc5l=. 8H8ES2(D^ 
«tt*'Xli7'/Ua'> (Ar) (K 
r) Xli7JU=f>i:->y^h><7);I^A*X-C* 
y. »I8ESM*«^1±S*9?I (0 2 ) ^trv^E^T (N 
H 3 ) *fcl±K3S (02) ^tl* (N 2 ) 

i:** (H2) »^t«fcyfty. M8E->y3><b&«jfi 

M#£5~1 7©5*>. 1 JSS<c8EK<D¥3»t*g 

a«)l!ja7J;ilc J; y . *fcl*IS*« 2 1 lc8EK Lfc<t r> 
fJ8E* 1 ro^5X-7fc«fet/|il8EIB2<O^Xvi*, 
-7 aSElc* y E()fi**t^ c t ^ «««tf -5SS^« 5 
~2 0®5*>. L^^-3®8E«<0#««:»Ba)aSit75 
5*l=«ky, *fcl«S^«2 2lc8EKLfc<fe5(=s ->'Ja 

(=JBja**tfc|g2OTl6»KS#t;+ j p^->^ t 

«±Kffi*y=#£tM^'j£a<Dfiit*&T?&o-c. fi 

8E-> U 3 * * 1 ©^S14 ^I:J:^1(»^X 
LT8H8E->'J 3 Is&mto'PU < t t-ffl5l=^4b# 
«-r-S7km^K5*-r^xSi:. S2(D^;§t±^jX<b-a 

y =i >gffilcffi8ES<*tt^£«l«-r ^5clRro'J>^ < 1 1 
-«*#t?i>U 3>(b&1ftJS*, ffl8E|g1<DI6ISIS<!:L 

r^fiersxsi ^#tc i: ■5^(*sa<D 

Sit73 ttl=* y . £fc(*IS*]S 2 3 (=8E« Lfc J: 5I=. 
* fl8E*JSS->y 3 ^SSJIgsiDTs'Stt^l: 
<fc -5 SB 3 0) L TSJ8E v y 3 >gffi(D'J>fc < 
ir=t,-aJlc^toS«-r-6*li*(»*f -SxSt. Sg4(0 

^<DTV. fI8E*^SivU3>SSlc8lt8Ea«:^*«i 
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tfi-f &7tmo>'J>U < t t-B£ y'J zi ><bd«S» 
*iE»2<7>*6»K<t LTff^r£xfi<z$*t;z£ 

S««it*H««2 2Elfc&¥i»*SB<7>S&*&fZ 
*/ctitt3R«2 4lcfB«Lfr<fc5ir. *iE*l;fc 
<fct/&3 0>^;SteffXI*. Ar. K r fccfctfX e £ U 

y aif < 1 1 1 «fc y * * c t * 

y. £fclMS*«2 5(cE«L*:J:5lc. Wfg«2fcc*: 
l/S4 0)^tt^XfiK r <fctjfcy % tflESM *5<J:tf5S 

2 tf>«KRi* v y 3 vK^Kcfc y a & c <t $ 

IMS E 2 3 £ *r (* 2 4 E«<&*»<*8acDSSji*;£ <z cfc 
y. £/cli*S3fc#2 6lCfg«L/c<fe-5(c. S>E3&2jfc,£ 

zfm4 0)^7Zt±u*i£A rtztzitK r £Utty. »JE35 
1 c*;t/m2<»jte»Kli^bK^fc(iK^bK<*:y>S^c 
<t £*t*2l 2 3^:1*2 4EttO)¥3*t*8K 

(DSSil^&lz^y. £fcliI3*«2 7lcE«L*=cfc5 

1 fcj;r/m2co^5Xv(i % v-r^n*(=^ 
y£ftfi$tL^c<t$^a < t-r^is*«2 2-2 eo>5 

i> "J 3 > h * ^ I i r ; u ^ r x y 3 > « y a -5 y 
3>iS»«t4l8i:, ftfHv"J=i>HS®**1 0> 
^StttfXlz^^XvizBSLT. |(IIBy'j3>ia 

^at-r^^frgg^fii&^iic^y. £fci*flt*a 

r. K r*5*tfX a*ytt*»*yatftl*'><f<fct 
1 10)^ J: y <f« Z i t-6»*a 2 8 E«(D 

^ttasgttfiit^&ic* y % tfcit»*a3 octEtt 
Lfc*3l=* «l»E8 2 (D^gl4#7liK r cfe y <f y , S9 
Em v y =1 ><b£«5)f I* v U zj >8<bR,fc yttiutS 
*$a<t-r^IS*^2 8*f:li2 9 E«(D¥*H*Kg<7>g 
y* £/r(*IS#JS3 1 (zEKLfccfc^lz. B5 
ESg2<D^;S14^X(iA r&tz\*K rcfcy&y, »E*> 
y =1 >1b«1M(ia<bR*fcl*lftB<bR<fc y tt« c t * 
ftffl<z"r&ffl#S2 8*fc(i2 9 EKa>^i*jgs<DS 

a*3*ic*y. *^(«s*«3 2icEKLfcj:5ic, m 
e*i is 20)^x71*. T-r^asiCcfcyae 
*tt^c^*t$a < t'r^is*^2 8~3 ia>5*>* i>f 

fflt*fc&;t£fTlV v'J =J >SS(7)vy zj >^ts$^€- 



£ c £ iz £ y i> g zi >«Bq<d g «K<b $ W 
MLfc*i»(c:. Ar. Kr<j:^^l4^Sl«*i: 

fc^ri/y zi >s(**»sr*ia«icteit*fjE«ai« 
«**^«tflttizffoTvy 3>affi(c^^i4a>*{b^± 
i:€>c<t^atbt/zo ^-6vyzi>s®a>vstt<7)* 
<bi*. ^i:«<i»»^iss»fc»-et»y, ^>yzj 

> y zi >SJ<bR#ffi(zm&¥i§te(D*<b£± C4 
£>*t& 0 ->y y zi>»<bffi* 

Bi::*Ji+4Jii«tt<D*fcl** y-^*5S!<Dlt/jo^>L#t> 

too 17] £c5Ttfc*a>7^aj&E)S;/^X7lz 
cfc^v'J zi>^bK^xs-eii. temtumoimst 
mmiz. ll^^^asxs^zfcl^T#^^^7k^ft^to**cD 

*»^>'Jzi>aH*IMISU v'J zj>£®(D£»»<b 
^P*ILT^b^XvKfb«ftS^ff oTL>4o L^L 
coz<t(i. v^*Q&;?5X7it<bxiiT?i*vyzi> 

vy zi>$ffi^^iSLTL>47K*(iflftsi^-rsffiiziio 

rc^^-c^bxa^tT^ttr^/cctSft^t-^o 
xg-tM*. y'j zj>^bK*(c^*iz7K^<^igL. c 

[0018] ««ni=^«ttitB»jftm0!)SBisa*» 

WIEvy zj>S@^0^2(D^5X-7iCcfc4^blK 

^a^bHfe^ iMiKS4bR«: <z*a> > y zi >it&tomi&m 

cfcy. Sffi<7>¥ffltt*S^b*1±4c: 4 r*<. 4 0 0° c 

^^-^^fflUtcV^^PK^^Xv^S (W098/3 
3 3 6 2^«« (i^®a(Z^fcy^--C?^KlWlZ 

Cb^-t?^. *(7>$S£. «B-r*>BB»x*;u^$ft< 
*qj^4c^A<-e^. vya>Sffi(=a«*#^4c:i:3tf 
<. £ffi»«*3t*»*U SI#tt«IMb. g^bfc^LN 

[0 0 19] i>»Jzj>Sffi^S«l*^iSt4^X<D^a^< 
aiMff^tt<&y, ^'JOA (He) , ^>^-> (N 
e) , TWUzTV (Ar) . ^y^fh> (Kr) , 
> (Xe) ^IKlza/>-r4o ft*!* A r £fl£JBL*:^ 
Xvcoii^. f}E7«<<7a*Sje^7X73$a*fi6ffl^ 

2W/cm2-e, S^*<$?J13. 3Pa (lOOmTo 
r r) ia±0)iiS\ «7eViaTl:nci:A<-e^|, 6 
[0 0 2 0] ^^->^X^;U^<7 e VHTF-Cfctl 

is. ssai*<yy zj>-c?fc^rt. 
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[002 1 ] BJIH»®««i7K**»*-r^/r^a>^Stt 

£&££i*Tg<b£*T5*i3-i::i;*. S®j^«S7k*(Df»* 

* A r ^Xv^f-I* K r X"7 £ffll*TfT5 
[0 0 2 2] **WC:«J:*l«. ^(D^bli^V-f 

R<DR»££ y»< L*zSteffiS&*ffl h^>^X*HMIlH] 

li. a^^TKm^^^^cDlrtjt^cDcfcd^soo 0 
c<&<*5fcB£(*&S£<. 5 5 o°cjaT<7><££T-»-# 

xa£f&;ETff5C<hA<Wtef::fc£o BBttBOKJftS 

5 5 o°ciUT(7)<ftS-e-c^^co-c?. R*<D$f>^y>y 
itmmitmo) Mf&iz & l> r * i: -c & a . 

[0 0 2 3] *#6W(Cj;*tli. BtlfcWtt* SB 

tt£*r*r £ v y 3 >&4bHft « im* v y a >«S<bK 
«5oo° cjaTcDias-e. *6f4>«H*eo>vy 

9>s>x*«»nB«Mrc#*. 

[0 0 2 4] ^SSdBlc^tui. VVP"hl/>f 

**«H»**t-3S/y3>»H(ct. 'J-^taw 
ffttifa>«14^A»ttSli^»aJl<f>y 3>»b«^ 

<*JHfa[§]Ka)ISSi*< Rfffi t U £ o 
[0025] £&tft«R|* % 75*;^^U 

»a->y=i>H(ajfi»iBi(ctaaic**i^o 

[0 0 2 6] *6l=**M(cJ;*i(i % BftB±lcBj*£ 
±i:Lt<1 1 1 >*ffi]|c«5feKi$i-r«eattJ: 

y»rt**i**«ft->ya>»ffl±cct. sasfevy 

a>BHbR*>S/y 3>£<bR. ^'JaVMIkBSy- 
hBB«fcLT»**4c£*<?rBfctty* *#fcffiB 



*7c»«0»*^ *«s-r * c 1 1 v z * o 

[00 2 7] 

[*w<Dsisfi<Di^(S] bit. **w*afflLfc»a3{fBi 

[0 0 2 8] Ell*. *«WT?tt^7v7;U7<> 
[0 0 2 9] *SIM5»l8(=»L^r«*, v'j3>S®(D* 

LTL*****»*"r 3fc(DM<bH 
<b&Ji££fr5o 

[0030] **\ xsvv (MS) 1 o 1 is 

l=U h 1 0 2*^«*DICA r #X 

1 0 1 P*J(DI£*)£ 133Pa (1Torr) 

[003 1] *l:$/ija>i|i 03t, 
o«*4£ 1 o 4(cSE^. 8*4^8^4 0 0°cSSir» 
S-T^o ttlE->ya>*«1 0 3(DSS)!><2 0 0-5 5 

tt(Dt(Di:^^ 0 ttlB->ya>*«1 0 3 I*. E*T0>ffiT 
««xHl::fci*T»7-;/B*»i&<»S*u *0>*S£S® 

[0 0 3 2] AdBBSISSl 0 5^b7V7;l,7^> 
XO-vh7>ft10 6CitaA<2. 45GHz(D7 
<f*nB*tfcBU WIE^-f ^□jK««nB997iU9^ 
>XP»V h7>ft 1 0 6^bAlSl 0 1 
tfKBlt&*tfcBBtt« 1 0 7£iILT. B5E*&SS1 
0 1 rtlc^A-T^o SA**ut-T-f<7P»iiMfEvvr7 

-?u— h 1 o 2frt>mmmm 1 o 1 rtic«A**i/= 

Kr^fifiU *<DB»WBS/^9 — ^U— h 1 0 
2(DSTICS!BSCDK r ^^X7A<^/S^tL^o 
6T^Q&<Djgjft»rf><9 0 OMH zaiSm±^1 OG 

[0 0 3 3] 0 1 <7)«fi6(C^l^rv^9-^U- h 1 0 
2 tS«1 O 3<Dffiffilt. tSHtBB7tt6cmCSS 

&o *HS6J^!gT?li, 7v7;i7-f>XP'vh7>ft 
^^XT^EbfiLrtcfetVo 

[0 0 3 4] BES/'Ja>»t1 03$K rtfX-CBfi 

S+ifc^XTlcBI-rciiicfcy, 8JtBvya>»«l 
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[0 0 3 5] H2|*f!ffiv'J=l>&« 1 03»ffi(C^lf 

* •> y d > - * «fc y l 

-efcy. ffrtBtessi o 1 *icv>r i33Pa 

(1 To r r) CDE^JT. 1. 2W/cm2(J)/<9-t 
[0 0 3 6] E2£#RB-r£lC. bf^1«?8fiO)K r 

^xviMTv'j =i>-7K*«e^(c*#a^^^a2 i 

f±. 1»Kr^X7iWJlLT, *®^5*** 

[0 0 3 7] *|C. UMEv-V^ — 3f L — h 1 O 2^P>9 
7/3 0>#I£]£cDK r /02;S^2f 3o 

^S^WOIE^Ii 133Pa ( 1 T o r r ) m&lZ 
tikttLTt$< 0 K r JiXt02lS*tfm&£Htz'&&& 

[0 0 3 8] **Sfe^jTM*. C(7>il^®mo*tCj:y 

fiaiBvy=i>s«i o so&mzmt? & 0 «t*a>->y' 

a>S®0&gHb;£-Cf*. 02^^H20^|CcfcyK 
<bA<ff*)*t, 8 0 0° cJ^Ji<D«#T;Si^g£j£a<<& 

I*. 4 0 0° ciiS<7)^#icisiN^s-e^b^pi^-e& 

[0 0 3 9] @3C\ fiilirt(DK r /O20>aE2)i±£ 
9 7/3CSj$LOO, SrfE*ft3IM 1 0 1 ft<Dtf*J£j3 

ftE.J3k<DMm$:7fi-? 0 tztzL® 3TM*. > U =i >&« 
1 0 30);£g£4 0 0° CKUSU 1 0#Rf]a)&<b*tt 

[0 0 4 0] ®3^#^^^|C, DCM11 0 1 
E*A<tt 133Pa ( 1 T o r r ) OtifiZWt t»»<b«JS 

a-oa**;:^*^*. coaaE^i*. »EvU3> 

S«1O30®*fi)!)< (100) ®-Cfe£if£|C|8P> 

[oo4i] wa<*>RKa>*>y 3>»fcB*<»rt**ifc 

»7L. Sbi:Kr/02l§^jAr^xi:gftL 
r»ibXS*»»7-r*o *X»<Dtt«l=A r*X$« 



[0 0 4 2] tt±a>iifcB»j*i::«i*T* ««Jfc/ax 

a. sttBU&jaxa. **v>4itosxa«*fl5Lr h 

[0043] ±iz<D^mvMmz*itzis*j^>Mitm<p 
o*m&*m£¥i : &i&wz±i)mjZLtztz*>. 3 nm 
a>B«a>->y 3>»<bmicfci\THSflE»«-c 1 012/ 

Kicfci^r r* v y =1 >ia<b&rt(D*ma-*f»*. ffiffis 

S»T?1 0l1/cm2S|fclUTrfc*C±rt<«B**L 

^•D^»ibKii®aB^»*-c 1 ol2/ cm 2^g^.^^ 

mt&/uvi*tzo 

[OO 4 4] 3itz. ±tt<D^mVMtfL*tltz ; >*)zi^M 

itmzmm u tz&a> > y a >«® t ga<bBf&j*ii*a> y 

y'J 3 >^®<Dm^*<X^bLTt^^fL^(D^<fflrffi* 

[0045] i2 4i±. ±Ea>^«-e»aaF*Lfci/y =i> 

ii*>y=}><z> (100) S(coi>r<7>to>-efc^*<. 
(100) ®icKf>-rte^(i-e^^«a>lS^*<»^H 

[0 0 4 6] 0 4(Dfg&-ei*. K r *<D|£ftl<D#IE£3 
%(::, -Ztz&mmtoO&m: 133Pa (1Torr) 
KBMEU ^7Xv^bfiiS*S«S)S4 0 0 o CT-tr 

[0 0 4 7] 0 4£#Hg-f £(C. v'j3^ki*0)K 

U ^>y u>^bB«®-eii2 x 1 oli/cm2gjga> 

y 3>&<bKl*. T%<DvU 3>aS^b(7>ffig|/)<4 n 
•J 3>S®^^>OS§J»*<4 nm^T(?)®«(:^L\riiv 

y =1 v y 3 >8Hb ko)^® rs] o r a* l r in s 

[0 0 4 8] 0 5(i. ±&<D^mV»t>*ltzZs*)z*>m 

^bBicoiNT. y-^S3aa>Bi*a^«cStt*^-r 0 ^ 
^Liasosisai*. y'j =3>snbiga>jgf?a<4. 4 nm 

icoixr. l^-KI?o^bBcDy-^g55^t4^^LT 

[0049] 05S#it^>|:, K r ?7X7^(D|g 

li. tt*«DSfeK<bB<Dy-^mi?a*#t4<t^^r*&y. k 
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r/027<^n»?7X7|:<l;5SMi$ffot 

mmi~ * y *sa**fji»£ l r ^ *> k r /o 2 # x * 

y»***ifc->y a>iifcBiJ:y ttB-«#i=jsi+*y 
— *«sw<2~3ifffc*'j>u #*icft»tt«sy— *w 

>BMbK-e t # <& z t tmm 2 tir a . 
[ooso] H6(*. **J6»l8ic < fc-&->ya>^kH 

fc«^a>v«jzi>^bK<Dy-^*3fi»tt*. 

I*. 1MBK r ^Xv^<DBi8<Z>&. MtBK r /02^ 

BfcBa>y-*«SM»tt*»-r. fcfciae*, ■-e^f 
x-*!*, fcT?K«r*BBfc«icoi*T®y— 

[005 1] E6*#KgT^lC. OT?*1\ K rZf^X 

v^a>SISxa$«BSLT^5Xv«^bxS-c^rtUfc 

^-r u — * sua^ttic^ lt 2-3 l ti>*<d 

ttft««>y — ^«3([(=E(»-r*. 1 x 1 0"2A/cm2 

©y-*«»*B*T?#*cfc*<2b*«. 
[oo5 2] *B»»mc*yf»&ftfc->ya:/ 

■HbBdru^T* 'J a >/y'J a >K*bR#B»{affi 

a>»ffi|C*JLxTt. »1X1 o10 cm -2 e V-1(DI^« 

[0 0 5 3] COm. MEtttt. *^h*t'J7itt, 
X h UXWRtSBLfc* *©->y a VIMbKsWMKS 
^^"C^iffilQ B D (Charge — to — Brea 

KtB»ttl^LI***tlSl±a>ft#a:1»ttt*r. 
[0054] ±^Ltc<fc5(^. £@*§aS7Kf?S£R*£LT 
K r /02»ffiS^X-7(Ccfc kj v"J a VMfcXa- 

£fT5c£-e. 400° c^i^i&Sicfci^rt. &b 
H>«B*tt©->ya>lc«*Lfc->Ua>WbBt»jjW- 

Bfc«4MCK rtf***;fc*cfclciBBLTl*«fc 



#*£*t£o KfbHtfcDTKsR^^l^cirrvyavK 
flS«rta>7C*(DBlMtt*A<d>fc < y . £fc K r A<** 

ux/><ififa<**u H**W^>*ffi*(aES*<««**i. 
> y a >M<kB0>BftMfttttf*tt(=&«$tLT 

[0055] ftic, Sffiffifiiftjtic^TTKSsas* i 

0t2/cm2jUT. M^L<(*1 0lVcm2SjSJaTlC 
"f5C££* 5xloH/cm2jaTSS0)Kr^t 

ztttf. y a >mtKo)«ftn4*tt. flMisn*t£ 
[0056] *ftwa>K<tnesar«fcttf::r±. 01 

OSSOffelc. ^^Xv*fflL>/c(5S<0»<bBI^/a* rJ 
ffit-r^XiJO^^Xv^airXffl^a^ffiffi LTt^* 

*>#i*. fcctxi*. ^Pssrcky ^7X7$ijgt 
*fcAi:K r #x£tttii-r£« ia>#xttdjtBJti. M 

^ X v ? □ -fe X £S * fl6 9 c <h t pj«|t? fc -5 . 

[0057] *3S*tef^s§-c(*. mmommois*) 

A*Jttf>:7^XTftjB*«7U *&i:Kr/02l* 

#x$a r ^xicfli«LrM<bxs*«xr^-SA<. ffir 

IBV-f ^ £iL#£ffNc. E^J$133Pa 

( 1 T o r r ) S»Cfiofc**y^9-^L/- h 1 0 
2fr*b#Eib9 8/2(0K r/NH3il^^^3>A 
U V'J a >K<bK0>S®I^KjO. 7nm(Dy'j3>I 
*bBS#rtLTa«£»x-CtiAl*. CCO^&lc^fttf 
$®i:v'J a >SfbKA<»rt*:hfc^y a >&S*bffi*>< 
»6*U J:yKl^BB*«*-r««ltB«»ttr«C 

(S§2 0)£*6J&8§) ^7X7$fflt>fc«StO)S 

ibK^/Slcoi>r^-<^o S<bKJ^/i£lcfi|2l 1 tWfcto 
[0058] **jfi»»(c«ixrj*. &aS7K*»£;Rtf 

^^bEl^ia^O/z^lrA r *fcl*K r S^X^Bfiff 
[00 5 9] ttTA r*«BLfcHia)-«it^. 

[ooeolSf. m^SS (Ml) ioirt$a$ 

ICSMRU h 1 0 2A>t>A r 

SALTMMP*9C7>IE** 1 3. 3 Pa (100mTo 
r r) SffitCffiS-r^o 

[006 1] *ic. EffI<DfI«ftffixSlcfctNT7Km5SiiD 
7K*7t(r cfc y $I(Dv'J a >?tc3|g^^/)<7Kmr*iaa*+t 
fcvya>*«1 03tHl1 0 1 *ICSIAL. jllDSft 
««51#oii#4^i 0 4lcKS^€)o *^ictt*40)as 

£5 0 0° ClZ&S-r&o C(DSJSA<3 0 0-5 5 0° 
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[0 0 6 2] f^ffi9ftfi 1 O 5/>>£. 7v7;l/7 

-OXCly h7>ft1 0 6^t;Rlf4;fi1 0 7£il 
Lt, ASSAIL 2. 4 5GHz<^)7>f^Pa$M 

■r^v-f ^aafi(0ffl»»/)<9 ooMHzgaia± i og 
a> *fci*o v-v^—^u— k 1 0 2^sffii 03 

[0 0 6 3] C(Dcfc5(CA r ^tifi^fc^X? 

I* 1 #IB0>A r ^X7*B$ JTTp 

[0 0 6 4] &|C, Vt9-^b-h1 0 2^bA r # 
X(C^IEtt-C2%(DNH3^X^;S^Lr#A-ri>o C 

0) BR. MSSP*9<0lE^li1 3. 3Pa (lOOmTor 
r) SSIC«0 0 A r N H3^^)<;1^^ ^tc]B5 

*flUttfi:7^X^*T?l** *rpis»fi^isrcfe^A r*t 

[0065] wao>Bi«a)*>g a >s<bK tfrnrit 

£ tvfc £ c 5 T? ^ -f <? o < 7— <T>m A £jL#> ^ X? 

1) S$87L, ^fbl:Ar/NH3l^XSAr^X 

[0 0 6 6] ^±(0^<bK^jaicjaiNT. MKriL « 
£ £^ i;¥*t**S«S £ Sift 2 *> o 

[0 0 6 7] *|g*6^JSt?r±. 7V7;b7^^P^h 

X^^D-feX^XlCNH3^ffltvTl>^^. N2^H2<f 
[0 0 6 8] **B^(7>v«Jzj>^bK^/a(C^U>rf*. 

»j*ltM8**u =3 >g<bR;&t/#®<D 

[0 0 6 9] Si-H8§, N-HjS^3i><**MOS<b 



*t<fcy. i'U 3>/^Y3>S<bR#ffi*ttffi&t 2 

x 1 OlOcm^^flJit^ao (A rlfcfcf* 

Kr) i N2/H20);I&^X$ttffl It V 'J □ >S^K 

£i&tfi-f$>m&iz\**mJSxo)M££o. 5%ia±<t-r 

[00 7 0] miit. la^WtML^v'Ja^S 
^bffill(DEE^ttc»tt*^-ro fc*£L0 7a>*K(::*>^T 

A r/NH3<B#ffiitli9 8 / 2 d»5t * *XT *5 M . Jft 

[0071] 07 £&mrz>iz % mitmom&mm*. 

H3 <*fcl*N2/H2> r^*£x*;u*-£it*>L*: 
JS4Ct^5o S<bKJ^/ft«i*CDSiS^8 
(i. #XEE2l(i 6. 65-13. 3Pa (50—100 
mTo r r) 0>I8B*><»£ L U^<. ^(7)*^^®^^ 

^cfc5ic. ^^b<t^b^5Sa-r-5XSTMi^blcaL/r 
E2k fllxJ* 133Pa (ITorr) fiJSlCtt- LT 

£<b£fr5::<h*i. ^t±(Da/S^f>ri»*Lt>*#r 

*l)o ##X*<Z>NH3 (^fcl*N2/H2) <D# 

mt 1 - 1 0 %<Di6ffl*<& < . *^,(c»^L<li2-6 

[0 0 7 2] *|g)jfef^S§lcj;y»bti/cvUa>^bR 
^hbKS^(±7. 9 t&o c<7>fiiivg=j>&lb 
KcDtbRa^(D^2f&lcffi^^-^ 0 

[0 0 7 3] ^ffi^SiC^y^^^ifcviJziv^^ 
OS3itaiE4#tt^»JSLy=<!:C5. K»*><3. Onm 

(KHSMSS^bR 1 . 5 nm(Cti^) 0)£$iZ. IV 
<DSIE9l*Dft(Cfelxr. Kfil7b<1 . 5 nm<7)&ig<bR£ 

y 1 5-6ffi^±ti£i^u-^saE^ttA<»i=,n-g)Ct 

a<Jltti£*i7--o UIJ, 'J a Z/firtsR 

£<£5c<h(c£^ y-h$fe»R(ci>'jzj>^bR*flE 
fflLtc h : 7>vX^(r^L^TBBS<t^oTl^^S^^ffl<bK 

[0 0 7 4] ±XLf:lftR<0«Mft, £J:tftttt 

(100) ®*movUa>S®± 
(cKS*tL^>tOT?l*?5f < , (111) ®£^i;fc^tf> 

[0 0 7 5] ^HJSfe^lS^cfctJ^^tlf-^^Ll^S 
[0 0 7 6] ^{c, ^';=3>K<bK<B»££H«lc. S 

SSSl^fct^T 5 x 1 0lVcm2lUT(r>A r *^(iK 
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[0077] **^a)S^H**S-r^f-ar>fc(*. B 1 

£tztf)0>A r ZtzltK r #X£ttttj-r£SK 1 OtfXjfctii 
SliSt. NH3 C£fcliN2/H2#X) ^X$jfttijr 

<3?3<z>»fej&«g) #c=. hlfeliRic^Xv^ffl 

[0078] *xmMmvmt>tiz>mitm&±if&it®; 
[0079] sir. n^ss (aax) iomss^ 

(=»*U vt7- ^U— h 1 0 2**&A r #X£lKrfe 
ASSl 0 1 ^(C»A-r-&o *K»A**i*#X*i!JtO 
(DA r^bK r tfAlC^Jg*.. ffJfEflUIS 1 0 1 ft(T> 
133Pa (1Torr) 8* £ . 

[0 0 8 0] ilWC0l|irtoSXST:*^^K2lt^< 

S/Ual/JMBl 0 3^flfStoS^1 O 1*C:»AU » 

SS*4 0 0°C(Cifi[Stl) o 

[0081] ftictttaniHixvi o 5^b7v7^7 

^>XP'>h7>ft106|:a»W<2. 45GHz 
*<*«1 0 7£^LTtfltE«i3£l 0 1P*9(C»Af 

k r ^^xtic. ttiH->'j3>afc«i o3coaa*a-r 

[0 0 8 2] 2fc|C. mB«Ul O 1«©E*t1 3 3 
Pa (1 To r r) gjtlzftft L fc *>*9 — 

-h102^b9 7/3(&#Elt(&K r/02S*#X 
*»AU WJE->'J=Jl/a«1 0 3(7>a®lcH$A<1 . 

[0 0 8 3] afc|= % ^-f 2P*0)flM&*--B»ffjLU O 
2#Xfl>»A*#Jt*-*. »6K:X£«« (fflU) 1 
O 1 F*i£K r t/<-5Lfctt, vVP-^l/- h 1 0 2 
frg#EJt9 8/20K r/NH3l§tfX$»AL, 
««artO>l£** 133Pa (1Torr) aflElcRffi 
Lfc**. I5l/JS&8M><2. 56GHz(D7>f^D8S 
«*U UtESlH 0 lrtlcMJflta>^XT*±j« 
It, WE*>y3>MfcKa>«B(::i nm(Dv'j3>i 

[0 0 8 4] Hfaa)BI«a)>'U3>a<bH3b<»jjl 



$ *ifc <t - *> V "7 -< 0 a at/ -<Z>* A £#Jt t T ^5 
Xv&jE£*S7U ^bi:Kr/NH3i§^XSAr 

#x tcsa l -cmtmkxa ** t r * . 

[oo8 5] vL±o>Mihmitmmmizmi\x* w&m 

[0086] ca>*aicLr»*Lfcaay-hiea« 
fco *<*>«u y-*astw*. we«14. **h**y 

hlft«R(rtt-> U zi 1 o 3 0>a*ttlc»-r 

ttt^bW, (100) ffiiiina> < t*(7>ffi^(Dv' , J 3 

5 (CUT. M<bK<D«#ffi*e**tti:S1bHa>K«a* 

[0 0 8 7] *xafi$ffi-ci*. *><J3>fllc||flsHCa 
/SWilHfcR* £*bR(7> 2 L/c*<* gnicfS 

H/s^bH/aMbR. aftK/»fta/aftattifd!)* 
[oo8 8] *xa»B'ctt5KaibK»aaai*. b 

[0 0 8 9] fi£l*£ (All) 1 0 1 

ksmru v-^^-^u— h 1 o 2^^,iKrtBAan o 

^A^tl^^fX^A r*>bK r^|:«jy§^, MIS 
rttf>£2>£ 133Pa ( 1 T o r r ) afltlcRSTT*. 

[0090] *&ezai»a)i»*ftaxa-c*7^Mafe»A< 

•>'J3>I*1 0 3£fltffi4&JISl 0 1 ^CIAU JJD 
^tt«*«xy-tt*4^l 0 4l=KiS^^o ^bl=K#4cD 
SJS$4 0 0°ClcKS-r-i>o 
[0091] ^(A^ii 0 5*&597Jl5-f 

>XP *v K7>ft 1 0 6izm&&f)<2. 45GMz(D 

H7>ft1 0 6^f>Rat*«1 0 7^lltSaiI1 

0 1 ^P»i»AL, fllHASS 1 0 1 A 

r#X-CBjB**Lfc^XT(=lBHBvU3>»«1 0 3 
(DS®^®Tc<t(cj;tJ. {-a>aR««*a«K3c^ 

[0 0 9 2] &IZ % ntBAaai 0 1©E**1 3 3P 
a (1 To r r) 8fil:«)#L, l»E^9»^U-h 

1 0 2rf)^#Eli9 6. 5/3/0. 5 0Kr/02/ 
NH3S^#XS»AL. V'J=J>SBIC3. 5nm0 
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±ftZf"?X^m&£t&l' U ZbiZK r/02/NH3il 
«»Rfl£Jifcx« % **v>**fi3lxf§fc±:£*6U 

[0094] m8lZ7jk+&5\Z. ftit^ttlC^yfflgL 

;1^Jt;&<9 7/3/0-9 5/3/2<&i5ffl-e[«IStM 
s^«i**<D*±«/><«y. «fcyi=K****a>«*< 

[OO95]09(*. 2#-f * 

<DS®^^>a)ai^^^-ro 0 9<k ->u=i>. iast* ^ 
[0096] 09^#^r^ic. mtm^itm^piztsn 

Z&mcom&lt. vy a>/vy P>ttS*bffiJ?ffi£S/ 

[oo97] 010 i**mi&f&m\z & zm&itmo y - 
<?m^Lowmm^^\±i^r 0 f=*£L0i o*». tb« 

0^^ir^^^a^^^Xv^«fci)^bK^ia(DiKi(cK 
R(7>y-*||3mi4£. MMblc£yjMK$hfcIfefi:B 

<&y-^S3ftt$ttt^LTl^ 0 
[0 0 9 8] 0 1 0£#f?Bt- ZiZ. KrZ?=>X-?WM\Z 
<fc U*|4a7K*»^*S6LT^f>K r/02/NH3^*XS 

I*. tt*0)^^T?^/«$^^^bKcfcy s f^-ffi#-Cit 
RL^'J-^mat<D(i*<2-4ffrt3S'>Lr. ft#fc<6 

[0099] fcfc. *l=KHLfcH6*|Cl*. Z0)£? 

\z LTmmzfrtz&mitmo) v—9 rams* mmom 
[o 1 oo] we&nif&mt&iz* *mm<Di&m\z± 

3ft0fli*<1 x 1 0-2A/cm2|ria^L\c<tA<*)^ 

So 

[0101] *HS6^«S(c<fe*»S<bH-ei4. 



5fea>»Jfi^Bi<©MjbBIUlJ:rc«*tfct<D 
S/'JaXD (100) BB0>*tt€>7 r « if(Dffi* 

[0 10 2] ±aiLfc^5(c. $iM*i$^Lt 
HKr /02/N HaHffiffi^^XVlC^ tj v i J □ 
S*bXg£*T 400° C<t l^5iftS(w*JLNT 

[0 10 3] *SISfea>^^Sl^fcl^TC<Dc^:5^^»^Ll^ 

»**<»*;KS(Dli. »tt7K*»*lc<feyMS<bK4><D 

<D<t#*£>*L& 0 **j»Jf^|§CD»^fbKT?liK r (7>^* 

si±Xtt&8 1 a>M<bHi=Jt^<«i 1/10 uTvk y * 
k r<oftt>yjca*A<*<****i-ci^*. r<ct>%* 

*S6<Dffi*JST?l±. MS^bK*^S^blB*a>*3R^>3S 

l^a, > y =» >«aftBi*(c*5L^Tai^«*a>a»*< 

/S i 02»BX<DX hUXA<tMO*ih* *0>*SmR* 

IftfEifc^bR^TKSitaS^ KBDttflEttlK(c«t\r 1 
0 12 c m-2feiT. L < li 1 0 1 1 c m-2«£ l^Tlc* 

[0104] fc*>\ **J6JKis-ei±. WM<DK«<D*>y 
3>»a<bH3&<»j«*nfc»/sr'7-r^pa/^7--a)» 

A*ih^^^X^afi^*|TL^ *^JCK r/02/N 
H3I&^JA r #XfcS«LT«g<bXg*«;LT 

3 3 P a ( 1 T o r r ) HSlCSf* Lfc**. ITC > V 
7 — ^L/— h 1 0 2^&#JEJt9 8/20K r/NH3 

I**x*»AL, ^ya>»£*bKO>Sffilcfao. 7 
nm(7>i>y =1 >S<bK* tetit LT bBStI§S»7 

(c v ij a >^^bR)J)<^l5Jc*H. «*: y SSi$^(gtlB^ 

[01051011 (a) ItvtP- hU>f7^fVL/ 
[0 1 06] 01 1 (a) $#Rg"r-Sir. 0^(7)v-vP 
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-hL/>f7-fVl/-v3>fiv'j3>Sfi1 003* 

^£fl£/»u »j***ifc hu>f$c vDasiz^y f^/a 

**ifc->ya>Hft«l 0 0 2lcJ;ijftJJiU 
*JtHvU 3>»lbKi 00 2£mitl£ CMP&fcriflc^ 
y¥*Hbf &c£(c£yffSfifc£;h.* 0 

[o i o 7] *mm<D&mvi*. cmp»i=j:*ime*> 
u =i >»<bK 1 0 0 2 a>wexS(D». > y 3 
800-900 0 cosibtt^SHftrcai-rctiCcfcy 
•MHIfcfcmv att^bic^y^/as+Lf-^yzj^a 

^«0fWT, K r ^Xvirj;y*®*|iiB7K9fl*» 
£U f (»S K r / 0 2^ J »A L t v 'J 3 >^kK 

[0 10 8] *^Sfe(D^«Slcj:4xlf. 0 1 1 (c) ic^ 

fcl^Tt,. *>y=i>»<bBtr*-«3&:|»*-C?^**+t. 
U3>»<bK<DKISO«'>*<±i:^)C<tfi^i^ 0 c(DK 

-VP- hb>f7>f V l/-ya>»^^tei(*(Dy 
U3>»<bI(/)QBD (Charge to Brea 

[0 10 9] ttlBi/<j3>IMblR«tt*a>nil4bj»lcJ: 
oTML/:«tl:lt 0 1 1 (b) lc^-r^5(c. > 
tP-h L/>f 7^f V l/-ya>(Of-/^^t < U 
^i:fitot, yA'P-hb>f7^Vb-vayft»^ 

<7)»Klb*<afeL<^^^ *^a>^^Xv^bic«ttt 

f-/^*<*#<*oTt, ytP-hl/>f7>f 
V U-v 3 >ftSp-e<D v y n >itlb|g(7>|S»Bi<bfijgc £ 

CDftffi-CM*. 01 1 (b) Cl^Uf- KU>^ftffl-C(7>j» 

MftKa>aHBMbi=fiH-r**«iiCcfcy. ift^ttJSSPlcftj 

*Uf. 9 0Jt(Dft££te5C£/><i^li6T?&a o 
[0110] B1 2f*. i/<J =!>ftfi*#?j9 OffiiCX-v 

^>?L^eadhg®a2#£fto*>y 3>tcctlikM 
1 (D^Mlztit-ox 3 nm<&fl£irfl2/«Lf— >y =3 >§g<b 

[0 111]@12$#im: s £0>ffi±l::t,i5j-fc 

En^y y 3 >&<bK*<f&/«T? ^ r i>£ c t tfmmv * 

[0 112] Z<D£olzLTtef&£*ltzmitmVlt*)- 

* m iz & y nantsa a o>m&o>m * t o v y a > 



meommmw xiz % ±^Ltzzf^x^^m^tzi& 
: &vo>Miim&&if&itm* *^i>f*»s<bH(D^fiKtt 
mm L*=#*wa>ss e <ommoMmz± & z?=?v*s 

l^«0>»JIH|jt**^&EPROM. EEPROM* 
[0113101 3(i. *m&(DMmiZ&Z>Z>^yiszL 

[o 1 1 4] osi 3*#^-r^(c. miB^-y^*^ 
y g a>s«i 20 1 ±(=»«*tir*5y. in 

IB*>y 3>S«1 2 0 1 -h(cf^i«^H^ h>*;H£<b& 

1 202i % «JfEh>^;U^bKl 2 0 2JtlCflSfifc£;ft 
tz?a-T4 hS«£fc£35 1 <D*ttS->y =1 

>y-hs«i 20 3<t. fre*iM*>y 3>y-h« 
«i 2 0 3±(cMa;^}f$/a^ti^i>y=i>^bKi 204 
fccfctfv'J a >^bKl 2 o 5<t. ffifSvy 3>£<b|g 
1 2 0 5 JHCff2fifcS*l=i > KP- ;uy- h««£«firr 

3>^h/t-;k E«/<*->#^CD0^li«B& 
LTfBKLTt^o «FfHi>y a>^^bKl 2 0 2{*?R1 

onmwm vvtw l y □ >K<bK^/«^^(c & y % 

£*r. y^^lbluoafccfctfljbiuoso) 

mmm&i*. nmmm3vm.wLtzis*) ^^itmom 
*/3;i(c^y^ia-r^o 

[o 1 1 5] 0 1 4-0 1 uttmmf&mtoy^viszL 

[0 1 1 6] 01 4|#it^l:, y'Ja>Si1 3 0 
1 ±lcli 7 * -;u KKibK 1 302l:«fcLj77^va^ 

JEffl K^>vX^fi«C*<Hfi£^ttT^y. niB««A 

-co#^ic^txr«riBi>y 3>s«3 o 1 cos®(cv 

'j3>BlbBI1 303W**lTl^o mU~2 4—)\, 
h'Mitm 1 3 0 2 l*gJRIHb& (LOCOS;*) 

[01 17] ^mmmm^^xtt. 

1i*t Ltttfflt^o K^bK. aibHJMKmiin 1 ^ 

[0 118] ;*IZ01 5<7>Xg|C^l\T, ^^y-b^m 
«A^f»|}ffivU3>iftRl 3 0 3£f££U 

m^mz^i) y'j ^^ss^^k^ss-r^o *bicft<& 

[0 119] ^*^*>. 5t<7>H)S6^lg 1 fcB«(c. nc 
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sa?ss mmm) 1 o u*j£nair»ftu *MKias 

1101 10 2^f)Ar 

1 O 1 *0>E:fc£ 1 T o r r«ftl::ift5£-ra 0 
[0120] fJfB v ij 3 1 303 

L^> r Ja>a®^#^ y&toW LtzlRte v "J 3 1 

a 1 <Dv'j3>afii 03 1 LxttiK^mm 

10 1rtl:»AL, ADi»««l*«it^tt»^1 0 4(cK 

«-r* 0 ^bicK»<7>sa*4oo o c«z»5t*r*o 

[0 12 1] *^>(CffiIH^IftS|*e 1 O 5frZ>3*J7)l> 
7^^Q'> K7>ft1 O 6lCJS»»a<2. 45GH 
za>T^ajfc£1*HSj{ft*au SJJKv-f *a&£tfnTB 
7V7;U7^>XP^ K7>ft1 O 6^P>fl?tBR«* 
«B 1 O 7 LTttlBftRR 1 O 1 tolzmXT £o 1MB 

IH0 1 +(C^^tl^S5ffiJSK r ^^XV|C«8-r 

SC^lCcfctK WJIB3lte1 30 1 a>i>gzi>SS^t>l^ 

[0 12 2] *(CfrfBv^7 — ^U- K 1 0 2*x 

*Kr#*. 02^*#ALT1|tJIB^A|cmiBh> 
^Hft»Ki<f^->Ua>^bKl 3 O 3. 5n 

m(DIS2{::J&/£U «I>TSS1 t7>£JSiSr>'J 3>» 1 3 
0 5*, WfBvMa^IUbRl 3 0 4£«5£5C:i£» 

[0123] S«EE*l&t/te«Hffl h7>vX^ 

J&/*H«B. CtC^LXTfJfBmKD^JgSv'JzjXil 
3 O 5/^-->^(Ccfcyf»^L. **'J-feA4«*A(D 
h>*;U»{bR 1 3 O A±[Z(DH. ^ 1 <D**eSi>«j3 
> 1 3 O 5$^t e 

[0 12 4] C<DX^>$ffc % ;£?S£fTlV 
U=i 1 3 O 5<Z>S®li7kg£$$aS£*V*o 

[0 12 5] 1 6<DXfIl::fcl>T. &<7>gS30>|| 

RflMB^HttlcLT. TffiiUbRl 3 0 6AM±»S 
<bRl 30 6B<DON«I^t^itgSil 306^ 

«riB*«a*>u 3 3 o 50>s®*a5<fc5 

[0 126] C0>ONKli. ^<OJ;5lCLT^-r^ e 

[0127] s^sss (ass) 1 o irt£H£(c#m 

U y^7-?U- h 1 O 2^b«AS^Tl^ A r 
X£K r ^XlC^gxTSlAL. MI^E^3J1 3 

3 P a ( 1 T o r r ) SSlCiftJTf £ e *|C. flUB** 
»i«4*lfc*ttftv«J 3 — > 1 3 0 5i««-> 

■j 3 >s« 1301 sfrtB«aas 1 o i i^cial, m 

i»a«$^K»Si0 4(:Blt*o *^lcK*4G>S 
fij4 0 0°cc»St^ o 

[0 12 8] (^ttWatl O 5 fr* 2. 

4 5GH z0>T-f *pa**flrtB5$*7yU5-f h 
7>ft"1 0 6lClft|||K£fR|ftU fHET-f2nR* 
lMB5 5?7JU5-f >*P*;/ K7^ft 1 0 6fr£>tMBR 
■ft«1 0 7S^Lt»EMi1 O 1i*Hc»AU a 



*>'JZ> 1 3 O SOaffiliK r *fA[CO«* 

[ O 1 2 9 ] &(CltafBflk3IS 1 O 1 (*3(7>IE^ * 1 3 3 P 
a (1 To r r) SflE{=HJ*Lfc**. WB->*9-^ 

h 1 o 2fr&tMeaa£i o 1 p^izk r /ozm& 

[0 13 0] ^**PRa>«**-B*f»JtLfc 
Kr#X. 02#*<D»A*ffjtU S^§« (A 

as) loirttMitH, vt9-^i/- k 1 o 

2**6 K r *^*><i;l/NH3^X$3|A-r^o RCAM 
£ 1 O 1 f**(Di£2l£ 1 3. 3Pa (lOOmTorr) 
MfcRSL. ffr/2. 4 SGHzOT-f^a&^tfttB 

tos^i o 1 ni=nfe7 97ju9^>xQ9 h7>ft 

LT. 3>&fbR*®(::6nm(Dv'Jzi>^bR* 
[0131] ::£><*; 5 lCLTONR£ 9 nmfl2j£Lf-<t 

[0 13 2] C0J;5l:lTttE0NliMLfca, 
13 1 7<&XfI(cfci>TB«iEffl;Rtff&*GE/f! h7>vX 
*ff#B. cirAx^f6«Btl 3 0 6*/**— 

b, C±lcBB««ff»IWffla)-f^>aA*ff5o ^^>(c 
l»fifl*B, C±lC^fi£^tLfc»<bKl 3 O 3£gfc£ 
U KfE««Bl:tty- hilbR 1 3 O 7 S 5 n mOI 

*ic»ru *a>*. KrtBta«c(cy-hK4bKi 30 

8*3 nm(DJ5£lCf&J*-f £ 0 
[0133] 37 < — ;U KRtbR 1 302 

■r^±<*«tjt-bfcm20)^JSSvUa>li 1 309M 
*>y*W KR 131 oZmZUztefUL. ^blcffifB!B2 
<D£*SS:>y =i>Jf 1 3 0 9&tfyU^ KI1310 
>^LT85gB»«IEffi h^>v**H«B;fc 
£1/<SSGEJ8 h5>vX^«i^C|cy-ha«1 3 1 1 
BfcJ;tf1 3 1 1 C£*tl?hM&tTtZ> 0 ^blcm«B> 
^U-tr;U««A(Z»JCLTy— hS«1 3 1 1 A*J^/« 

[ 0 1 3 4 ] 0 1 7 0)JLm<D&. S*W**«»XS(C 
[0 13 5] Ctlb^gi 1 3 O 6 A. 

1 3 06Bit *omm$ft*<DMim*m<mo>fa* 

*>. ctib^y'J^>ilkKl 30 6A&(/v'j3yI 
^bRl 30 6Bli»R<bLTta»?SSaM^tt*^ 
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M<bRl 30 6AA(/yUa>a<bHl 3 0 6 Bl*«£ 

[0 13 6] ^(D^^^Viy^USm 

ft&o Z<Dtztf>. *&W0)7 3v*szL**t) Sfc^ £ ~ # 

[0 13 7] ^^(C^^^^^v^y^E'jm^ilSJfH 
*fe»Rl 3 0 6A. 1 306B/)<ltlf;8J?Sfinc 

[0 138] fcifc. 3 0 6<0R«fifc|*±fBON 

*fc*ofllii. **fe^lS2<b|^«<D^bK^^^€>N« 
l^o &tz* ffttE*fe»Rl 3 0 6I1 ^bRfccfcl/SteR 

mmLtzONom^ &itm. mtm. mitm. &<tm 
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